Background: Prevalence of smoking among individuals with posttraumatic stress disorder (PTSD) is disproportionately high, and PTSD is associated with especially poor response to smoking cessation treatment. Objective: The current study examined whether integrating treatments for smoking cessation (varenicline plus smoking cessation counseling; VARCC) and PTSD (prolonged exposure therapy; PE) enhances smoking outcomes among smokers diagnosed with PTSD. Method: 142 adults with nicotine dependence (ND) and PTSD were randomized to a treatment program consisting of varenicline, smoking cessation counseling, and PE (VARCC ϩ PE) or to VARCC only. Seven-day point prevalence abstinence (PPA) at posttreatment (3-months postquit day) and follow-up (6-months postquit day), verified by serum cotinine levels and exhaled carbon monoxide, was the primary smoking outcome. Psychological outcomes were PTSD and depression severity. Mixed effects models included baseline PTSD severity as a moderator of treatment condition effects. Results: Overall, VARCC ϩ PE participants did not show greater PPA than VARCC participants. However, treatment effects were moderated by baseline PTSD severity. For participants with moderate and high PTSD severity, VARCC ϩ PE led to significantly higher PPA than VARCC alone (psϽ.05). No differences between treatment conditions emerged for participants with low baseline PTSD severity. Participants who received PE showed significantly greater reduction of PTSD and depression symptoms than those who did not receive PE. Conclusions: Integrating psychological treatment for PTSD and smoking cessation treatment enhances smoking cessation for participants with moderate or severe PTSD symptom severity, but does not enhance smoking cessation for participants with low baseline PTSD severity.
(ND) and lower quit rates following smoking cessation interventions (Feldner, Babson, & Zvolensky, 2007; Lasser et al., 2000; Moran, Sampath, Kochunov, & Hong, 2013) . PTSD is associated with a wide range of affective disturbances that may contribute to increased ND and relapse following attempts to quit. For example, depressive symptoms are highly related to PTSD severity, and have been found to be related to smoking cessation difficulties (Kelly, Jensen, & Sofuoglu, 2015; Leventhal, Zvolensky, & Schmidt, 2011) .
The current clinical practice guidelines for treating tobacco dependence (U.S. Public Health Service, 2008) outline several recommended interventions for smoking cessation that were derived from a vast body of research on smoking cessation spanning over 30 years, including counseling approaches that incorporate problem solving and social support, and a range of pharmacological approaches such as nicotine replacement therapy (NRT), buproprion, and varenicline. Several studies have found that varenicline, a selective ␣4␤2 neuronal nicotinic acetylcholine receptor partial agonist, is well tolerated and more effective in reducing smoking than bupropion, the only other approved non-NRT medication for smoking (Cahill, Stevens, Perera, & Lancaster, 2013; Gonzales et al., 2006; Jorenby et al., 2006; Nides et al., 2006) . It is important to note that though varenicline is one of the first-line pharmacological treatments for smoking, sustained smoking cessation rates following this treatment are still relatively low (22% to 45% abstinence rates at 12-month follow-up in nonclinical samples; Gonzales et al., 2006; Kralikova et al., 2013) . Clinical guidelines recommend a combination of counseling and medication as the most effective approach to promote successful quit attempts (U.S. Public Health Service, 2008) .
To our knowledge, there are only a handful of studies examining the efficacy of varenicline or other smoking cessation interventions in samples of smokers with PTSD. These studies have yielded mixed smoking outcomes and, as might be expected, no improvement in PTSD (Dennis et al., 2016; Gibson & Zvolensky, 2006; Hertzberg, Moore, Feldman, & Beckham, 2001; McFall et al., 2005) . In contrast, there are several highly effective psychosocial treatments for PTSD. Of these, prolonged exposure (PE) has received the greatest empirical evidence for its efficacy (e.g., Foa et al., 1999; Foa et al., 2005) , with response rates ranging from 65% to 80% and medium-to-large effect sizes in comparison to other treatments (Powers, Halpern, Ferenschak, Gillihan, & Foa, 2010) .
To target both smoking quit rates and PTSD symptoms, several studies have examined the outcome of integrating treatments for PTSD and smoking cessation. One large (N ϭ 943) multisite study examined the impact of integrating smoking cessation treatment into routine PTSD treatment in PTSD Veteran Affairs (VA) specialty clinics, compared with a standard smoking cessation treatment consisting of smoking cessation counseling and pharmacological smoking cessation interventions (McFall et al., 2010) . Study results indicated superior, albeit low (8.9%), abstinence rates for those receiving integrated care versus those receiving smoking cessation only (4.5%). Notably, no standardized treatment protocol for PTSD was delivered in this study, and though both groups improved slightly (10%) on PTSD severity, no group differences in psychiatric symptom improvement emerged. Another VA study (N ϭ 178) examined the integration of motivational interviewing techniques for smoking cessation into a 12-week PTSD telehealth self-monitoring procedure (with no active PTSD treatment) compared with PTSD self-monitoring telehealth procedures alone, using a randomized controlled design (Battaglia et al., 2016) . No differences between the groups emerged on smoking outcomes, but participants who received self-monitoring and smoking cessation showed greater improvement in PTSD and depression symptoms. In civilians, another study examined an 8-week group-based protocol that incorporated trauma management treatment (i.e., interoceptive and in vivo exposures to traumarelated internal and external triggers) with comprehensive smoking cessation versus smoking cessation only, in smokers exposed to the World Trade Center disaster . Study results indicated no significant differences between groups on smoking outcomes; however, contrary to expectations, the group who received PTSD treatment did not show superior PTSD outcomes.
Only two other small, open clinical studies have evaluated concurrent or integrated treatments for smoking cessation with empirically supported treatments for PTSD. The first study (N ϭ 6) examined the outcome of 12 biweekly sessions of individual cognitive processing therapy (CPT) for PTSD combined with the nicotine patch; the four participants who completed the program showed substantial reductions in PTSD by the end of the therapy but all were smoking two months later (Feldner, Smith, Monson, & Zvolensky, 2013) . The second study (N ϭ 19) examined the outcome of nine individual weekly sessions of acceptance and commitment therapy modified for individuals with PTSD and ND, combined with 8 weeks of the nicotine patch . This study had no control group. Abstinence rates for the study completers (N ϭ 14) were 50% at posttreatment and 20% at 3-month follow-up. PTSD symptoms significantly decreased through the 3-month follow-up.
Hypothesizing that the distress associated with comorbid psychiatric disorders may impede successful quit attempts, researchers have been investigating certain psychological disturbances that may limit the success of smoking cessation treatments. For example, two studies have found that for smokers with comorbid depression, the combination of cognitive-behavioral interventions for depressive symptoms (e.g., behavioral activation or cognitive techniques) and varenicline or other smoking cessation interventions, yielded both superior reductions in depression and superior smoking outcomes, compared with smoking cessation interventions alone (Frye, 2015; Hartmann-Boyce, Stead, Cahill, & Lancaster, 2014) . These findings are consistent with results showing the role of depressive symptoms in maintaining smoking (Leventhal et al., 2011) . Thus, it is possible that these affective symptoms, which are highly comorbid with PTSD (e.g., Gadermann, Alonso, Vilagut, Zaslavsky, & Kessler, 2012; Rytwinski, Scur, Feeny, & Youngstrom, 2013) , may partially account for poor smoking cessation outcomes in individuals with comorbid PTSD and ND. If so, integrating treatment for PTSD (which has also been shown to reduce depression; e.g., Foa et al., 2005; Rothbaum, Astin, & Marsteller, 2005) with smoking cessation treatment may enhance the success of treatment in smokers with PTSD and ameliorate their distress related to PTSD symptoms. Indeed, recent studies have found that the belief that smoking will reduce unpleasant affective symptoms seems to underlie the observed relationship between smoking and PTSD ). However, the severity level of PTSD and its impact on the success This document is copyrighted by the American Psychological Association or one of its allied publishers.
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of integrated PTSD-smoking cessation treatments has not yet been examined. The current article reports on results from a large-scale, randomized controlled trial (RCT) that evaluated whether integrating a recommended evidence-based intervention for smoking cessation (the combination of varenicline and smoking cessation counseling [VARCC] ) with a recommended treatment for PTSD (PE) results in higher rates of smoking cessation than VARCC alone in smokers with PTSD. We posited that by reducing PTSD symptoms, PE would ameliorate the psychological disturbances that interfere with successful smoking cessation and thus would enhance the likelihood of a successful quit attempt. Specifically, we hypothesized that the integration of PE with varenicline would diminish several barriers to successful quit attempts, such as depressive and anxiety symptoms. Hence, we hypothesized that (1) overall, smokers with comorbid PTSD receiving integrated VARCC and PE would exhibit superior smoking outcomes compared with those receiving VARCC only. Further, because those with higher PTSD symptom severity tend to have higher depression and anxiety, these psychological symptoms are more likely to undermine a quit attempt in individuals with higher PTSD symptom severity compared with those with milder PTSD severity. It follows that individuals with higher PTSD symptom severity will obtain greater benefit from the integrated treatment than those with lower PTSD symptom severity. Accordingly, we further hypothesized that (2) the effects of integrating VARCC and PE would be moderated by baseline PTSD severity, such that those with higher PTSD severity would benefit more from adding PE to VARCC on smoking outcomes than those with lower PTSD severity. Finally, on the basis of the extensive literature supporting the efficacy of PE (Powers et al., 2010) , we hypothesized that (3) participants receiving PE would show greater reductions in PTSD and depression symptoms compared with those receiving VARCC only.
Method Participants
Participants were 142 male and female cigarette smokers with chronic PTSD who sought treatment to ameliorate their PTSD symptoms and to quit smoking. Participants were recruited through advertisements and referrals. Inclusion criteria were (a) smoking equivalent to 10 or more cigarettes per day during the last year, (b) current diagnosis of chronic PTSD according to the Diagnostic and Statistical Manual of Mental Disorders (4th ed., text rev.; DSM-IV-TR; American Psychiatric Association, 2000), and (c) clinically significant trauma-related symptoms, as indicated by a score of at least 15 on the PTSD Symptom Severity Interview (PSS-I; Foa, Riggs, Dancu, & Rothbaum, 1993) . The cut-off score of 15 or higher for the PSS-I was chosen to be consistent with previous PE outcome studies (e.g., Foa et al., 2013) and corresponds to mild PTSD. Individuals taking psychotropic medications at intake had to be stabilized on that medication regimen (i.e., reporting no changes in medication type or dosage) for the last 3 months. Exclusion criteria were (a) history of drug or alcohol abuse or dependence in the last 3 months, (b) unwillingness to stop smoking marijuana during the first 13 weeks of the study, (c) unwillingness to refrain from using NRT over course of the study, (d) current intimate relationship with a physically or sexually abusive partner, (e) current suicidal ideation with intent and/or plan, (f) history of psychosis or bipolar disorder, (g) significant cardiovascular disease or uncontrolled hypertension in the last 6 months, and (h) pregnancy or nursing.
Procedure
Participant enrollment began on January 22, 2009 and ended on June 9, 2014. Data collection was completed on December 15, 2014. The institutional review board approved the study protocol. After providing written informed consent, participants completed an intake evaluation comprised a psychiatric diagnostic interview, physical examination, and laboratory assessments to determine eligibility. Eligible participants completed a baseline assessment and were block randomized (in groups of 4 to 6 participants) by using a randomization generator built into the study database by the study research assistant to a treatment program consisting of varenicline, smoking cessation counseling, and PE (VARCC ϩ PE), or to a treatment program of varenicline and smoking cessation counseling only (VARCC). At the baseline visit, medication was initiated and a smoking quit date was set for approximately 1 week later. The study nurse provided a brief overview of the study treatment conditions, prepared the participant for the quit date, reviewed instructions on dispensed medication, and emphasized the importance of medication compliance and smoking abstinence.
Participants were informed of their treatment condition at the end of the baseline session and were scheduled to meet with their therapist on their quit date. Regardless of whether participants succeeded in quitting on their designated quit date, they continued with treatment per the descriptions below and worked with their therapist to improve quit attempts. The study nurse met with the participants at each treatment visit to dispense medication and to monitor health status, medication compliance, and side effects. Doctoral level psychologists conducted the treatment over 12 weekly visits. Given the FDA black box warning for varenicline regarding potential neuropsychiatric side effects, changes in mood and suicidal thinking were assessed at every appointment by both the study nurse and therapists. All therapists were certified in PE (i.e., completed an intensive 4-day PE workshop followed by case consultation on at least 2 PE training cases), completed a 2-day training with one of the coauthors (PG) on smoking cessation counseling, and received weekly group supervision that included review of video-recorded sessions. Evaluators, blind to treatment assignment, conducted assessments at baseline, posttreatment (3-months postquit day), and 3 months after treatment completion (6-months postquit day). Self-report measures were also completed at these assessment points. Participants were compensated for each assessment ($50 for baseline and posttreatment; $100 for followup) and treatment visits ($15). Participants randomized to VARCC-only were offered PE free of cost after their study participation was completed.
Treatments
Varenicline. Varenicline (Chantix) is an FDA-approved selective ␣4␤2 neuronal nicotinic acetylcholine receptor (nAChR) partial agonist. The FDA-approved dosing regimen was used as follows: Medication dose was titrated during week 0 with 0.5 mg per day for 3 days, followed by 0.5 mg twice daily for the next 4 This document is copyrighted by the American Psychological Association or one of its allied publishers.
days. On Day 8, the medication was increased to 1.0 mg twice daily and maintained at this dose through Day 84. Participants began the medication for 1 week prior to the target quit date and continued for a total of 12 weeks. Medication adherence. Medication adherence was calculated as the percentage of the prescribed number of pills taken and verified by pill count and Timeline Follow-Back Interview (TLFB; see the description to follow). Medication adherence was excellent across conditions. The mean adherence rate (total amount taken/ total amount prescribed) across 12 treatment weeks was 95%, with no significant difference across conditions (VARCC ϩ PE: 94.5%; VARCC: 95.1%), t(22) ϭ .66, p ϭ .52.
Smoking cessation counseling. Smoking cessation counseling was conducted weekly for participants in both conditions for 20 to 30 min for 12 visits and followed the medical management model used in Project COMBINE (Anton et al., 2006) . Motivational interviewing was a core technique used across all sessions. Smoking cessation interventions also included: monitoring progress (i.e., change in smoking status and medication effects), provision of support and encouragement, reinforcing the importance of abstinence, reviewing medication adherence and side effects, monitoring psychological distress and the urge to smoke, and problem solving as needed. Therapists routinely reminded the participants to review and consult the Clearing the Air educational booklet for homework, tips on monitoring smoking urges, stimulus control, and alternative activities to engage in when experiencing the urge to smoke.
Prolonged exposure (PE) integrated with smoking cessation counseling and Varenicline (VARCC ؉ PE). The 12 integrated VARCC ϩ PE weekly sessions were 110 to 120 min long, consisting of 20 to 30 min of smoking cessation counseling (described previously) followed by 90 min of PE. PE includes two main components: (a) imaginal exposure consisting of revisiting and recounting aloud the most upsetting traumatic memory, followed by processing of the revisiting experience and (b) gradual in vivo exposure to safe but avoided trauma reminders. Participants were assigned homework weekly, which consisted of repeated listening to a recording of the trauma recounting made in each session, and repeated in vivo exposure to safe situations avoided because of trauma-related distress .
Treatment fidelity. Fifteen percent of all therapy sessions were randomly selected, reviewed, and rated for treatment fidelity using the Adherence and Competency Rating Scale for PE, and the Adherence Competence Rating Scale for medication management counseling (used in other tobacco dependence treatment studies, e.g., Lerman et al., 2015) . PE fidelity was 95%. The fidelity of smoking cessation counseling was 94%.
Measures
Smoking abstinence. Smoking status was assessed using the TLFB and was verified by serum cotinine (COT Յ 15 ng/ml) and exhaled carbon monoxide (CO Ͻ 10; Benowitz et al., 2002) at posttreatment (3-months postquit day) and follow-up (6-months postquit day). The TLFB uses a calendar method to evaluate when and how many cigarettes the participant smoked over the last 30 days. Seven-day point prevalence abstinence (PPA) was defined as self-reported abstinence for 7 days prior to the assessment, serum cotinine level of Ͻ15 ng/ml, and CO Ͻ 10 ppm. Consistent with recent recommendations, if neither CO nor cotinine levels were obtained due to participant absence or equipment malfunction to verify abstinence at an assessment, abstinence at that assessment was considered missing data.
Psychiatric symptoms. The Structured Clinical Interview for DSM-IV (SCID) was used to confirm presence of PTSD, the absence of psychotic disorders and other substance disorder diagnoses, and to evaluate the presence of other Axis I disorders. The SCID is a semistructured interview that yields current and lifetime DSM-IV Axis I diagnoses. The SCID has strong psychometrics, with joint interrater reliability coefficients for different disorders ranging from 0.60 to 0.83 (Lobbestael, Leurgans, & Arntz, 2011) . PTSD symptom severity was assessed using the PTSD Symptom Scale, Interview Version (PSS-I), a 17-item clinical interview that evaluates DSM-IV PTSD symptoms on a frequency/severity scale (Foa, Riggs, Dancu, & Rothbaum, 1993) . The PSS-I has a range of scores from 0 to 51, with higher scores reflecting more severe PTSD symptoms. The PSS-I has excellent internal consistency (␣ ϭ .90), very good 1-month test-retest reliability (r ϭ .80), good interrater reliability (intraclass correlation coefficient ϭ .073), and good convergent validity with the SCID-IV PTSD diagnosis ( ϭ .75; Powers, Gillihan, Rosenfield, Jerud, & Foa, 2012 ). In the current study, the Cronbach's alpha for the PSS-I was .66 to .93 across the three assessment points. Depression severity was assessed using the 17-item version of Hamilton Depression Scale (HAM-D), scores ranging from 0 to 50, with higher scores reflecting more severe depression symptoms (Hamilton, 1960) . The HAM-D has strong psychometric properties, including internal consistency (␣ ϭ .79), interrater reliability (r ϭ .94), test-retest reliability (rs ϭ .64-.98; Trajković et al., 2011) , and good convergent validity with other measures of depression (Bagby, Ryder, Schuller, & Marshall, 2004 ). In the current study, Cronbach's alpha for the HAM-D was .75 to .88 across the three assessment points.
Statistical Analyses
PPA was analyzed using GLMM (mixed effect model [MEM] with a logistic link function) because it was a dichotomous outcome. Our GLMM analyses were intent-to-treat analyses that included all subjects with at least one assessment, thereby increasing power and generalizability. Thus, these analyses align with the recommendations made by the Society for Research on Nicotine and Tobacco for analysis of smoking outcomes (Hall et al., 2001) .
The analyses of PPA were coded to implement the GLMM/ MEM equivalent of a 2 ϫ 2 repeated-measures analysis of covariance (ANCOVA), with treatment condition (VARCC ϩ PE vs. VARCC) and time (posttreatment and follow-up) as the independent variables in the ANCOVA. We hypothesized (1) superior overall PPA in VARCC ϩ PE compared with VARCC and (2) the benefit of VARCC ϩ PE over VARCC would be greater for participants with higher baseline PTSD severity. To test the latter hypothesis, we added the baseline PSS-I ϫ Treatment interaction to the ANCOVA model. To control for other variables that might be related to baseline PSS-I and hence might be responsible for its effects, we included the following variables as covariates in all models: sex, age, education, minority ethnicity (non-Caucasian vs. Caucasian), cohabitation status (married/living together vs. living alone), employment (employed vs. unemployed), baseline cotinine This document is copyrighted by the American Psychological Association or one of its allied publishers.
level, and number of treatment sessions attended. Because these variables were included to control for third variables that might confound the relation between PSS-I and outcomes, we also included the interactions between them and treatment condition to control for their effects on the baseline PSS-I ϫ Treatment interaction. Analyses of the psychological outcomes (PSS-I and HAM-D; Hypothesis 3) were performed using a similar MEM design except the ANCOVA model was 2 ϫ 3 (Treatment ϫ Time, with time being coded as baseline, posttreatment, and follow-up) instead of 2 ϫ 2. We expected a Treatment ϫ Time interaction, with greater improvement from pretreatment to posttreatment and to follow-up for those in VARCC ϩ PE versus VARCC. Approximate effect sizes for t-statistics were calculated using the t to d conversion (Borenstein, 2009) .
Results

Participant Characteristics
Baseline participant demographics are presented in Table 1 . Age ranged from 18 to 75 years (M ϭ 42.7 years); 60.6% were male; 73.9% were Black/African American. Average baseline score on the PSS-I was 28.34 (SD ϭ 6.60), indicating moderately severe PTSD. Average baseline score on the HAM-D was 15.81 (SD ϭ 6.53), indicating mild depression. As expected, baseline PSS-I scores were highly related to baseline HAM-D scores (r ϭ .63, p Ͻ .001). Mean cigarette use per day over the preceding week was 17.77 cigarettes (SD ϭ 9.43), and mean scores on the Fagerstrom Test of Nicotine Dependence were 5.93 (SD ϭ 1.99), indicating moderate levels of ND. Of the sample, 55.6% (n ϭ 79) met criteria for current comorbid major depressive disorder, and 34.51% (n ϭ 49) met criteria for a comorbid anxiety disorder. In addition, most participants (97.9%) endorsed experiencing more than one traumatic event. These included serious accidents (n ϭ 74), natural disasters (n ϭ 17), nonsexual assault by someone known to them (n ϭ 65), nonsexual assault by stranger (n ϭ 63), sexual assault by someone known to them (n ϭ 42), sexual assault by stranger (n ϭ 31), combat trauma (n ϭ 12), childhood sexual abuse (n ϭ 47), imprisonment (n ϭ 33), torture (n ϭ 12), lifethreatening illness (n ϭ 17), and other traumatic events (n ϭ 55). Figure 1 displays the CONSORT diagram. Fourteen participants had missing data at posttreatment. Seventeen were missing data at follow-up. Seventy-two participants were assigned to VARCC ϩ PE and 70 to VARCC treatment. ANOVAs and chi-square tests showed no differences between conditions on any of the baseline demographic or study variables (ps Ͼ .300), nor on the proportion of missing data at posttreatment or follow-up (ps Ͼ .780). Participants in VARCC ϩ PE completed slightly, but not significantly (p ϭ .124), fewer treatment sessions (M ϭ 8.3, SD ϭ 3.50) than those in VARCC (M ϭ 9.2, SD ϭ 3.71). Table 2 includes estimated model percentages/means for all outcomes at all three Note. VARCC ϭ varenicline and smoking cessation counseling; PE ϭ prolonged exposure; PSS-I ϭ PTSD Symptom Severity Inventory; HAM-D ϭ Hamilton Depression Scale. This document is copyrighted by the American Psychological Association or one of its allied publishers.
assessments. During the course of the study, there were 12 serious adverse events: three involved suicidal ideation (two requiring hospitalization); two involved hospitalization secondary to drug or alcohol relapse; and the remaining serious adverse events involved hospitalizations secondary to unrelated medical problems (e.g., fractured ankle, renal disease, pneumonia, COPD).
The Effect of Treatment on Smoking Outcomes
Our analysis for Hypothesis 1 (lower PPA in VARCC ϩ PE than in VARCC alone) showed that the Treatment ϫ Time interaction was not significant, indicating that the treatment main effect did not differ between posttreatment and follow-up (see Table 3 for results of this analysis). The analysis indicated that, although PPA was somewhat higher in VARCC ϩ PE than in VARCC (20% vs. 6%), this difference was not significant for the average participant (b ϭ 1.58, 95% CI: [3.43, Ϫ0.26]), t(193) ϭ 1.69, p ϭ .092, d ϭ .24. However, results supported our second hypothesis that baseline PTSD severity would moderate the effect of treatment on smoking outcomes. Specifically, the Treatment ϫ Baseline PSS-I interaction was significant (b ϭ .15, 95% CI: [0.29, 0.01]), t(176) ϭ 2.11, p ϭ .036, d ϭ .32. This interaction indicated that the benefit of VARCC ϩ PE over VARCC increased as baseline PSS-I increased (see Figure 2 ). For example, although the abstinence rate for the average participant was 20% in VARCC ϩ PE compared with 6% for those in VARCC, for participants who were 0.5 SD above the mean PSS-I at baseline (baseline PSS-I ϭ 32), abstinence rates for those in VARCC ϩ PE were 22.8%, about 4 times higher than the 4.8% abstinence rate for those in VARCC-only.
Because our results indicated that VARCC ϩ PE was more beneficial for participants with higher levels of baseline PSS-I, we determined the "region of significance" for the advantage of VARCC ϩ PE over VARCC. That is, we empirically determined the levels of baseline PSS-I for which VARCC ϩ PE significantly outperformed VARCC for PPA. To do so, we used the Aiken and West (1991) centering technique, which uses the entire sample to estimate treatment condition differences in smoking outcomes at Assessed for eligibility (n=690) Randomized (n=142) Excluded (n=548 This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
each level of baseline PSS-I. This analysis demonstrated that, for participants with baseline PSS-I above 31, those in VARCC ϩ PE showed significantly higher abstinence than VARCC. Conversely, participants with lower levels of baseline PSS-I severity did not show significantly different outcomes between the two conditions. In addition, although Figure 2 does show a slight reversal of the benefit of VARCC ϩ PE at very low levels of PSS-I, the Aiken and West (1991) analysis of estimated treatment condition differences showed that, even for participants with baseline PSS-I ϭ 15 (our inclusion criterion), VARCC was not significantly superior to VARCC ϩ PE (difference ϭ 8.4%, p Ͼ .50), which is possibly due to our low power to detect small effect sizes. Finally, our GLMM ANCOVA also showed that PPA decayed somewhat between the posttreatment assessment and the follow-up assess- 
The Effect of Treatment on PTSD and Depressive Symptoms
Although our analyses of PPA included only the assessments after the quit week, the analyses of the psychological outcomes (PSS-I and HAM-D) included assessments at pretreatment, at posttreatment, and at follow-up. We expected greater improvement over time in VARCC ϩ PE versus VARCC on both psychological outcomes. As noted in the Data Analysis section, these data were analyzed using a 2 ϫ 3 ANCOVA (2 treatments ϫ 3 time points), implemented with MEM to retain all participants. To be consistent with the PPA analysis, we included the same covariates as in the GLMM analysis (see Table 3 for all the predictors in the models). The Treatment ϫ Time interaction was significant for both PTSD and depressive symptoms, F(2, 143) ϭ 11.56, p Ͻ .001, for PSS-I; F(2, 113) ϭ 9.88, p Ͻ .001, for HAM-D, indicating greater improvement over time in VARCC ϩ PE than in VARCC alone (see Table 2 for the means at each assessment). Contrasts indicated that participants receiving VARCC ϩ PE, compared with those receiving VARCC, had significantly lower PSS-I and HAM-D at both posttreatment and follow-up (ps Ͻ .05). Note. VARCC ϭ varenicline and smoking cessation counseling; PE ϭ prolonged exposure; PSS-I ϭ PTSD Symptom Severity Inventory; HAM-D ϭ Hamilton Depression Scale; 7-day PPA ϭ point prevalence abstinence in the last 7 days. The treatment groups had the following sample sizes: VARCC ϩ PE ϭ 72; VARCC ϭ 70. Post-treatment is 3-months post-quit day. Follow-up is 6-months post-quit day. Significant differences between groups at p Ͻ .01. Note. All predictors were centered at their means. Thus, results shown are for the average participant, across conditions and time. Coding for the dichotomous variables was the coding before centering at their means. Abstinence (PPA) was coded 1 ϭ abstinent, 0 ϭ not abstinent. a The analyses of PTSD symptoms and depression symptoms were analyses of covariance (ANCOVAs) with time having three levels. Thus, for these time effects, there is no single regression coefficient for the effects in the ANCOVA. For these time effects, we report the F statistic. For all other effects in these analyses of PTSD and depression symptoms, we report regression coefficients. b Our primary analyses for PTSD symptoms and depression symptoms did not include the moderating effects of baseline PSS-I. † p Յ .099.
‫ء‬ p Յ .05. ‫ءء‬ p Յ .01. ‫ءءء‬ p Յ .001. This document is copyrighted by the American Psychological Association or one of its allied publishers.
In exploratory analyses, we investigated whether baseline PSS-I moderated the effect of treatment on the change in PSS-I and HAM-D over time. We added the baseline PSS-I ϫ Treatment ϫ Time interaction (and its subcomponents) to the 2 ϫ 3 ANCOVA for PSS-I and HAM-D mentioned previously. The baseline PSS-I ϫ Treatment ϫ Time interaction was significant for HAM-D, F(2, 114) ϭ 3.47, p Ͻ .034, but not for PSS-I (p Ͼ .85). For HAM-D, the benefit of VARCC ϩ PE compared with VARCC was greater for participants with higher baseline PSS-I. However, this triple interaction also meant that, for participants with low levels of baseline PSS-I (e.g., PSS-I ϭ 20), improvement in HAM-D over time was not greater in VARCC ϩ PE than in VARCC alone (p Ͼ .50).
Finally, because gender and the Gender ϫ Treatment condition interaction were included as covariates in all the analyses, we can report that neither the gender main effect nor the Gender ϫ Treatment interaction was a significant predictor of any of the outcomes (see Table 3 ).
Post-Hoc Analyses: Changes in PSS-I and HAM-D as Mediators of Treatment Effects on Smoking Outcomes
Given the findings of higher baseline PSS-I being a moderator of abstinence and depression symptoms, we decided to investigate whether the effects of treatment condition and the Treatment ϫ Baseline PSS-I interaction on PPA were mediated by changes in PTSD severity and depressive symptoms. Changes in PSS-I and HAM-D were both added as simultaneous predictors to the GLMM analyzing abstinence for Hypotheses 1 and 2 (see Figure  3 for an illustration of the mediation model). The change in each mediator was calculated as the average of the change from baseline to posttreatment and the change from baseline to follow-up. Higher numbers indicated greater decreases in the mediator. The regression coefficients for changes in PSS-I and HAM-D in these analyses provided the b paths in the mediation analyses (see Figure 3) . The a paths in the mediation analysis were calculated as the effect of treatment condition and the Treatment ϫ Baseline PSS-I interaction on the mediators. The significance of each mediated pathway was computed using RMediation (MacKinnon & Tofighi, 2013) . 
Discussion
The present study is the first large scale RCT to examine whether integrating evidence-based treatments for PTSD and smoking cessation has a greater impact on smoking and PTSD outcomes than smoking cessation alone. Accordingly, the study was designed to answer a very important clinical question: can we improve smoking cessation outcomes for smokers with PTSD (which are typically very poor) by treating their PTSD symptoms with an efficacious treatment for PTSD (PE) in combination with standard smoking cessation treatment (VARCC)? To this end, we examined two hypotheses regarding smoking outcomes: First, participants receiving the integrated treatment would report better smoking outcomes at posttreatment and follow-up than would participants receiving smoking cessation alone. Second, the effects of integrated treatment on smoking outcomes would be moderated by baseline PTSD severity, such that individuals with high PTSD severity would show greater benefit from receiving the integrated treatment that included PE than individuals with low PTSD severity.
Contrary to our first hypothesis, the integrated treatment did not lead to lower PPA than did smoking cessation alone for the average participant. However, consistent with our second hypothesis, baseline PTSD severity influenced the benefit of integrating PE with smoking cessation treatment. Specifically, VARCC ϩ PE resulted in superior smoking outcomes than VARCC for individuals with higher baseline PTSD severity, but not for those with lower baseline PTSD severity. In fact, only about 5% of patients This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
with a baseline PSS-I of 32 or above who received VARCC alone were abstinent at posttreatment, whereas almost 23% of those provided VARCC ϩ PE were abstinent at posttreatment. This represents more than a 450% increase in abstinence rates for those with higher baseline PTSD who received treatment for PTSD. Several possible explanations for our findings regarding the second hypothesis can be entertained. Perhaps the most compelling explanation is that individuals with high PTSD severity also have high levels of negative affect, which interfere with smoking cessation Leventhal et al., 2011) . Consequently, it is unlikely that a standard smoking cessation treatment alone will be successful for individuals with high PTSD severity. In contrast, when PE is integrated with smoking cessation treatment, this integrated therapy substantially reduces PTSD symptoms and the psychological problems associated with PTSD, such as negative affect or depression (Foa et al., 2005; Frye, 2015; Hartmann-Boyce et al., 2014; Rothbaum et al., 2005) . It follows that the integrated therapy would reduce these psychological barriers to smoking cessation and thereby allows individuals with high PTSD severity to successfully quit smoking. Indeed, the results of the current study supported our third hypothesis that the integrated treatment would ameliorate psychological problems: VARCC ϩ PE was associated with significantly greater reductions in PTSD and depressive symptoms than VARCC alone. Furthermore, our post hoc moderation analyses revealed that those with higher levels of PTSD at baseline showed the greatest improvements in depression when receiving PE.
Post-hoc mediation analyses were consistent with the idea that decreases in depression symptoms, but not PTSD, partially mediated the superior abstinence rates observed in patients with higher PTSD who received PE. In particular, participants with higher baseline PTSD had greater reductions in depression symptoms in VARCC ϩ PE than in VARCC alone, and those reductions in depression symptoms were related to improvements in abstinence. These results, along with the fact that higher baseline PTSD symptoms were correlated with higher baseline depression symptoms, are consistent with our proposed explanation for the mechanism by which VARCC ϩ PE leads to improved PPA for individuals with high baseline PTSD severity. Specifically, individuals with high baseline levels of PTSD also have high levels of depression, which, in turn, impedes smoking cessation, and PE serves to reduce these barriers and to improve smoking outcomes in these individuals . On the other hand, for individuals with low PTSD severity, depression is less likely to be prominent and thus may not comprise a significant barrier to a successful quit attempt. Further, in the present study, VARCC ϩ PE did not seem to improve depression symptoms more than VARCC for individuals with low baseline PTSD severity. Thus, for these individuals, both the benefit of reducing PTSD (and co-occurring depressive symptoms) and the magnitude of the reduction in depression symptoms via PE might be limited for improving PPA. Future studies should include measures of these proposed mediators at frequent intervals throughout treatment to better understand the mechanisms underlying the effects of PE on individuals with higher baseline PTSD. This includes exploration into other possible mediators of smoking cessation (e.g., anxiety sensitivity; Smits et al., 2016) . Because abstinence rates among individuals with lower baseline PTSD were relatively low in both the VARCC-only and VARCC ϩ PE conditions, additional research is needed to better understand barriers to smoking cessation in this group of individuals with the ultimate goal of developing more effective treatments.
It should also be noted that there was an indirect (mediated) effect of the treatment condition main effect on PPA through depression symptoms, even though the effect of treatment condition on PPA was nonsignificant for the average participant. It is important to note that an independent variable (treatment condition) can have an indirect effect on an outcome (abstinence) through a mediator (depression symptoms), even though its overall effect on the outcome is not significant. This can result from many factors, such as other indirect or direct effects that counter the particular indirect (mediated) effect under investigation. In our case, many factors may impact abstinence for an individual with moderate PTSD severity, and though depression symptom severity has some effect on abstinence, it may not be a very important factor for those with moderate severity and may not account for a great deal of the variability in smoking cessation success for these individuals. However, for individuals with greater PTSD severity (and hence greater depression symptoms), depression symptom severity may be a more important factor in determining smoking cessation success.
The current study has several strengths. It used gold standard measures of both PTSD and smoking severity, including biological measures of smoking (CO and cotinine). The study also utilized two treatments that have considerable evidence for their effectiveness. Further, both treatments were closely monitored and showed excellent adherence, and the sample size was large enough to interpret the present results with confidence. The sample examined in this study also consisted of a high proportion of minority participants, although there was less diversity in socioeconomic status and employment status. Future studies should aim to have greater variability in these demographic variables. In addition, it is important to note that the retention rate for posttreatment and follow-up assessments in both conditions was considerably higher than that reported in previous studies of comorbid smoking and PTSD (e.g., Gonzalez et al., 2016; McFall et al., 2010) . Possible reasons for this high retention rate include significant and frequent contact with various study staff in both conditions, and appreciable participant payments for completion of each assessment and treatment session. However, these features are not particularly unique to this study and exist in many other studies examining such comorbid samples (e.g., Foa et al., 2013) ; therefore, it is unclear what particular factors drove the high retention rate in the current study. It would be beneficial to more closely examine factors that were involved in the high retention in future studies in order to reduce the typically high dropout rates of participants in such treatment trials.
Several limitations should be noted: because our primary smoking outcome-PPA verified by CO/cotinine-was only assessed at two time-points (posttreatment and follow-up), we were unable to examine the causal interplay between smoking and psychological outcomes. Second, though the follow-up was 6-months postquit day, it was only 3-months after the end of active treatment; longer follow-up periods are needed to evaluate the effects of integrated treatment on relapse. Third, medication adherence for varenicline was measured using pill count by the study nurse, and not with more advanced methods of medication adherence such as electronic, time-stamped pill dispensers, which provide more valid This document is copyrighted by the American Psychological Association or one of its allied publishers.
indicators of medication adherence. Fourth, it is important to note that participants in the VARCC ϩ PE group received weekly sessions that were 110 to 120 min long compared with those in the VARCC-only group who received weekly sessions that were only 20 to 30 min long. Although the smoking cessation portion of interventions were of equal length across groups, the greater overall contact time with a therapist might have contributed to the better smoking outcomes observed for individuals with higher PTSD severity who received VARCC ϩ PE; future studies should keep therapeutic contact time similar between groups. Fifth, because the current study used PE experts in an academic setting to deliver the treatment, future research should replicate the current study in community-based clinics to determine the effectiveness of this combined treatment in nonacademic settings. Finally, because the mediators in the mediation analysis were assessed at the same time point as the outcome, causality cannot be inferred.
